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1. 

SYSTEMS AND METHODS FOR 
CONFIGURING AND CHARGING HYBRD 

BATTERY SYSTEMS 

FIELD OF THE INVENTION 

This invention relates generally to battery systems, and 
more particularly to charging of battery systems. 

BACKGROUND OF THE INVENTION 

As the value and use of information continues to increase, 
individuals and businesses seek additional ways to process 
and store information. One option available to users is infor 
mation handling systems. An information handling system 
generally processes, compiles, stores, and/or communicates 
information or data for business, personal, or other purposes 
thereby allowing users to take advantage of the value of the 
information. Because technology and information handling 
needs and requirements vary between different users or appli 
cations, information handling systems may also vary regard 
ing what information is handled, how the information is 
handled, how much information is processed, stored, or com 
municated, and how quickly and efficiently the information 
may be processed, stored, or communicated. The variations in 
information handling systems allow for information handling 
systems to be general or configured for a specific user or 
specific use such as financial transaction processing, airline 
reservations, enterprise data storage, or global communica 
tions. In addition, information handling systems may include 
a variety of hardware and Software components that may be 
configured to process, store, and communicate information 
and may include one or more computer systems, data storage 
systems, and networking systems. 

Examples of portable information handling systems 
include notebook computers. These portable electronic 
devices are typically powered by rechargeable battery pack 
systems such as lithium ion (“Li-ion) or nickel metal hydride 
(“NiMH) battery packs. The rechargeable battery packs gen 
erally include multiple battery cells connected in serial and/or 
parallel configuration. A “string consists of battery cells 
which may be connected in this series/parallel configuration. 
Two or more separate sets or “strings” of such cells may be 
provided in a single “hybrid” battery pack to power an infor 
mation handling system. Each of these separate battery cell 
strings may sometimes have different physical characteris 
tics, charge capacity, and/or impedance. Such a combination 
of different battery cell strings may be desirable, for example, 
to meet space requirements or the physical configuration of a 
portable information handling system. For example, in pur 
suit of longer battery run time of notebook computers the 
ability to package the maximum battery energy capacity into 
a given irregular Volume is critical. This often involves using 
different types of battery cells in a hybrid battery pack due to 
different Zheight constraints, e.g., using both cylindrical and 
polymer batteries to maximize the pack capacity in a 
restricted volume. It is expected that the use of hybrid packs 
will increase significantly due to the profile (height) chal 
lenge and the continuous push for higher battery capacities. 
Due to the different impedances and capacities, the tradi 

tional approach is to design a hybrid battery pack which has 
two separate battery packs inside, all being reported to the 
system as a single battery pack. However, due to the differ 
ence in impedance and capacity of the cell Strings, the status 
of the cells in each cell String and the distribution of charging 
currents are usually different and are controlled as if each 
string is a separate battery. If the charging current into a cell 
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2 
string exceeds an allowable rate the life requirement for the 
cell String may be compromised. 

FIG. 1 illustrates an example of a prior art configuration of 
a hybrid battery pack 100 having two battery cell strings 102 
and 104 of different capacity and/or impedance characteris 
tics that are coupled together in parallel between battery 
system terminals 120 and 122 as shown. In the configuration 
of FIG. 1, each of battery cell strings 102 and 104 are treated 
as separate battery packs that are coupled between battery 
system terminals 120 and 122 by separate current paths 180 
and 182, respectively. As shown, battery cell string 102 is 
made up of multiple serially-coupled battery cells 150, and 
battery cell string 104 is made up of multiple serially-coupled 
battery cells 152. A respective analog front end (“AFE) 106 
or 108 is coupled to a respective one of battery strings 102 or 
104 by voltage monitoring lines 170 or 172 to allow battery 
management unit (“BMU) microcontroller orgas gauge 110 
to monitor voltage of individual battery cells of each of bat 
tery strings 102 and 104 by data paths 112 or 114 as shown. 

Still referring to FIG. 1, each of separate current paths 180 
and 182 is provided with separate charge/discharge control 
circuitry that includes two field effect transistors (“FETs) 
SC1 and SD1 or SC2 and SD2 that are coupled in series 
between battery system terminal 122 and a respective battery 
cell string 102 or 104 as shown. Each charge FET (SC1 or 
SC2) is a Switching element that forms a part of a separate 
charge circuit that is controlled by BMU 110 through a 
respective AFE 106 or 108 and control path 196 or 192 to 
allow or disallow charging current to a respective coupled 
battery cell string 102 or 104. Similarly, each discharge FET 
(SD1 or SD2) is a switching element that forms a part of 
discharge circuit that is controlled by BMU 110 through a 
respective AFE 106 or 108 and control path 198 or 194 to 
allow or disallow discharge current from a respective coupled 
battery cell string 102 or 104. Parasitic diodes are present 
across the source and drain of each FET switching element, 
i.e., to conduct charging current to the battery cell Strings 102 
or 104 when the respective discharge FET switching element 
SD-1 or SD-2 is open, and to conduct discharging current 
from the battery cell strings 102 or 104 when the respective 
charge FET switching element SC1 or SC2 is open. Also 
shown in FIG. 1 is protective fuse circuitry F1 or F2 that is 
provided for respective current paths 180 and 182, with fuse 
controller circuitry 130 and 132 provided to control operation 
of fuse circuitry F1 and F2, respectively, i.e., to disconnect 
battery cell strings 102 or 104 from battery system terminal 
122 in the event of overcharging. 

During constant current charging phase of the charging, a 
constant charge current It is applied to battery system 
terminal 122 and a corresponding appropriate battery cell 
String charge current I or Ik is Supplied to only one of 
battery cell strings 102 or 104 at a time in sequential fashion. 
In this way, the amount of charge current that is Supplied to 
each of battery cell strings 102 or 104 during constant current 
(CC) charging operations may be maintained within the 
desired charge current range. Charge FETs SC1 and SC2 are 
used to control which battery cell string 102 or 104 is being 
charged at a given time. In some cases, battery cell Strings 102 
or 104 may be charged simultaneously together during con 
stant Voltage (CV) charging operations after constant current 
charging operations are complete. 

SUMMARY OF THE INVENTION 

Disclosed herein are systems and methods for configuring 
and charging hybrid battery systems, e.g., for information 
handling systems such as notebook computers. The disclosed 
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systems and methods may be advantageously implemented to 
avoid the shortcomings of conventional hybrid battery sys 
tems, e.g., such as the need for duplicate protective and con 
trol circuits which increases system cost, and a charge time 
which is double that of a normal battery and thus degrades the 
user experience. 

In one respect, disclosed herein is a method of charging a 
hybrid battery system, including: providing a hybrid battery 
system including at least two battery system terminals and 
two or more battery cell strings coupled together in parallel 
between the battery system terminals with a shared input 
current path, the battery cell Strings having at least one of 
different capacity or different impedance characteristics rela 
tive to each other and different values of maximum allowable 
charging current relative to each other, and applying a charg 
ing current to the battery system terminals to simultaneously 
charge the two or more battery cell Strings with respective 
individual battery cell string currents that do not exceed the 
maximum allowable charging current for either of the two or 
more battery cell Strings. 

In another respect, disclosed herein is an information han 
dling system, including a replaceable hybrid battery pack 
system. The hybrid battery pack system may include: at least 
two battery system terminals, and two or more battery cell 
strings coupled together in parallel between the battery sys 
tem terminals with a shared input current path configured to 
receive a charging current applied to the hybrid battery sys 
tem, the battery cell strings having at least one of different 
capacity or different impedance characteristics relative to 
each other and different values of maximum allowable charg 
ing current relative to each other. The two or more battery cell 
strings may be coupled together in parallel between the bat 
tery system terminals by the shared input current path to allow 
the two or more battery cell strings to be charged simulta 
neously from a received charging current at respective indi 
vidual battery cell string currents that do not exceed the 
maximum allowable charging current for either of the two or 
more battery cell strings. The hybrid battery pack system may 
also include: system side electrical power terminals remov 
ably coupled to the battery system terminals to allow current 
to be interchanged between the two or more battery cell 
strings and other system components of the information han 
dling system; a system load coupled to the system side elec 
trical power terminals to receive current from the two or more 
battery cell strings of the battery system; and battery charger 
circuitry coupled to the system side electrical power terminals 
to provide the charging current to the two or more battery cell 
strings of the battery system. 

In another respect, disclosed herein is a hybrid battery 
system, including: at least two battery system terminals; two 
or more battery cell Strings coupled together in parallel 
between the battery system terminals with a shared input 
current path configured to receive a charging current applied 
to the hybrid battery system, the battery cell strings having at 
least one of different capacity or different impedance charac 
teristics relative to each other and different values of maxi 
mum allowable charging current relative to each other. The 
two or more battery cell Strings may be coupled together in 
parallel between the battery system terminals by the shared 
input current path to allow the two or more battery cell strings 
to be charged simultaneously from a received charging cur 
rent at respective individual battery cell string currents that do 
not exceed the maximum allowable charging current for 
either of the two or more battery cell strings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prior art configuration of a hybrid bat 
tery pack 
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4 
FIG. 2 is a block diagram of an information handling 

system according to one exemplary embodiment of the dis 
closed systems and methods. 

FIG. 3 illustrates a hybrid Smart battery pack system 
according to one exemplary embodiment of the disclosed 
systems and methods. 

FIG. 4 illustrates a hybrid Smart battery pack system 
according to one exemplary embodiment of the disclosed 
systems and methods. 

FIG. 5 illustrates a cut-away side view of a portable infor 
mation handling system according to one exemplary embodi 
ment of the disclosed systems and methods. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIG. 2 is a block diagram of an information handling 
system 200 (e.g., portable information handling system Such 
as notebook computer, MP3 player, personal data assistant 
(PDA), cellphone, cordless phone, etc.) as it may be config 
ured according to one exemplary embodiment of the dis 
closed systems and methods. As shown in FIG. 2, information 
handling system 200 of this exemplary embodiment includes 
a processor 205 Such as an Intel Pentium series processor, an 
Advanced Micro Devices (AMD) processor or one of many 
other processors currently available. A graphics/memory 
controller hub (GMCH) chip 210 is coupled to processor 205 
to facilitate memory and display functions. System memory 
215 and a display controller 220 are coupled to GMCH 210. 
A display device 225 (e.g., video monitor) may be coupled to 
display controller 220 to provide visual images (e.g., via 
graphical user interface) to the user. An I/O controller hub 
(ICH) chip 230 is coupled to GMCH chip 210 to facilitate 
input/output functions for the information handling system. 
Media drives 235 are coupled to ICH chip 230 to provide 
permanent storage to the information handling system. An 
expansion bus 240 is coupled to ICH chip 230 to provide the 
information handling system with additional plug-in func 
tionality. Expansion bus 240 may be a PCI bus, PCI Express 
bus, SATA bus, USB or virtually any other expansion bus. 
Input devices 245 Such as a keyboard and mouse are coupled 
to ICH chip 230 to enable the user to interact with the infor 
mation handling system. An embedded controller (EC) 280 
running system BIOS is also coupled to ICH chip 230. 

In this particular embodiment, information handling sys 
tem 200 is coupled to an external source of AC power, namely 
AC mains 250 and AC adapter 255. As shown AC adapter 255 
is removably coupled to, and separable from, battery charger/ 
power circuit 260 of information handling system 200 at 
mating interconnection terminals 290 and 292 in order to 
provide information handling system 200 with a source of DC 
power to supplement DC power provided by battery cells of a 
hybrid battery system in the form of Smart battery pack 300, 
e.g., lithium ion (“Li-ion') or nickel metal hydride (“NiMH) 
battery pack including multiple rechargeable batteries and 
battery system control logic in the form of battery manage 
ment unit (BMU) circuitry that includes analog front end 
(AFE) circuitry and microcontroller. Smart battery pack 
300 is coupled to battery charger/power circuit 260 as shown 
by battery pack terminals 320 and 322. Further, a battery 
system data bus (SMBus) 281 is coupled to smart battery pack 
300 to provide battery state information, such as battery volt 
age and current information, from BMU circuitry 266 of 
smart battery pack 300 to EC 280. Battery charger/power 
circuit 260 of information handling system 200 may also 
provide DC power for recharging battery cells of the battery 
system 300 during charging operations. 
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When a battery system is provided as a replaceable battery 
pack, it may be configured for insertion and removal from a 
corresponding battery pack compartment defined within the 
chassis of an information handling system (e.g., Such as a 
notebook computer), and may be provided with external 
power and data connector terminals for contacting and mak 
ing interconnection with mating power connector terminals 
and data connector terminals provided within the battery pack 
compartment to provide power to the system load of the 
information handling system and to exchange data with one 
or more processing devices of the information handling sys 
tem. The system load of the information handling system 
includes any component therein that required electrical power 
to function, e.g., display 225, display controller 220, proces 
sor 205, media drives 235, system memory 215, ICH chip 
230, GMCH chip 210, input devices 245, etc. 

FIG. 3 illustrates a hybrid smart battery pack system 300 
according to one exemplary embodiment. As shown battery 
pack 300 includes battery system terminals 320 and 322 that 
are configured to be removably coupled to system side elec 
trical power terminals of an information handling system 
such as information handling system 200 of FIG. 2, to allow 
current to be interchanged between smart battery pack 300 
and other system components of information handling system 
200, and to allow a user to remove and replace or interchange 
battery pack system 300 with another battery pack having 
battery system terminals that are similarly configured to be 
removably coupled to system side electrical power terminals 
of the information handling system. As shown, battery pack 
300 includes two battery cell strings 302 and 304 of different 
capacity and impedance characteristics that are coupled 
together in parallel between battery system terminals 320 and 
322 by a shared current path 380 as shown. Although a remov 
able battery pack is illustrated, it will be understood that the 
disclosed systems and methods may alternatively be imple 
mented in another embodiment with non-removable batter 
ies/battery pack/s. It will be further understood that battery 
cell Strings may be provided that coupled together in any 
Suitable cell configuration besides that illustrated, e.g., in 
parallel or in series-parallel configuration. 

In the embodiment of FIG. 3, each of battery cell strings 
302 and 304 share the same current path 380, charge FET SC, 
discharge FETSD, and protective fuse 340. A separate branch 
current path 393 or 396 is present to supply current to a 
respective one of cell strings 302 or 304. As shown, battery 
cell string 302 is made up of multiple serially-coupled battery 
cells 350, and battery cell string 304 is made up of multiple 
serially-coupled battery cells 352. Although each of battery 
cell strings 302 and 304 are shown having three serially 
coupled battery cells, it will be understood that the number of 
serially-coupled battery cells within a given battery cell string 
may be greater or less than three and/or that cells within a 
given battery cell String may alternatively be provided in 
parallel blocks of multiple cells. Moreover, it is possible that 
a given battery pack system 300 may have more than two 
battery cell strings. A respective analog front end (AFE) 
306 or 308 is coupled to a respective one of battery strings 302 
or 304 by voltage monitoring lines 370 or 372 to allow battery 
management unit (“BMU) microcontroller orgas gauge 310 
to monitor voltage of individual battery cells of each of bat 
tery strings 302 and 304 via data paths 312 or 314 as shown. 
Each of AFEs 306 and 308 may include, for example, cell 
Voltage detect circuitry, current sensor circuitry, analog to 
digital conversion circuitry, etc. 

Still referring to FIG.3, shared current path 380 is provided 
with common charge/discharge control circuitry that includes 
switching elements in the form of field effect transistors 
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6 
(“FETs) SC and SD that are coupled in series between bat 
tery system terminal 322 and each of battery cell strings 302 
and 304 as shown. In this embodiment, charge/discharge 
control circuitry is only provided in the shared current path 
380 and no charge/discharge control circuitry is provided in 
the separate current path of any of the two or more battery cell 
strings 302 or 304. Charge FET (SC) is a switching element 
that forms a part of a separate charge circuit that is controlled 
by BMU 310 through AFE 308 and control path 392 to allow 
or disallow charging current iCHG to a battery cell Strings 
302 and 304. Similarly, discharge FET (SD) is a switching 
element that forms apart of discharge circuit that is controlled 
by BMU 310 through AFE 308 and control path 394 to allow 
or disallow discharge current from battery cell strings 302and 
304. Parasitic diodes are present across the source and drain 
of each FET switching element, i.e., to conduct charging 
current to the battery cell strings 302 and 304 when the 
discharge FET switching element SD is open, and to conduct 
discharging current from the battery cell strings 302 and 304 
when the charge FET switching element SC is open. Also 
shown in FIG.3 is common protective fuse circuitry F1 that is 
provided for shared current path 380, with fuse controller 
circuitry 340 provided to control operation of fuse circuitry 
F1, e.g., to disconnect battery cell strings 302 and 304 from 
battery system terminal 322 in the event of overcharging. It 
will be understood that any other suitable type of protective 
circuitry besides fuse circuitry may be employed in other 
embodiments. 

With regard to the embodiments herein, BMU 310 of the 
battery control logic may be present for monitoring battery 
system operation (e.g., monitoring Voltage, current, tempera 
ture, etc.) and for controlling battery current control circuitry 
that includes charge and discharge FETs SC and SD, although 
any other Suitable configuration of circuitry, controllerts, pro 
cessor/s and/or control logic may be employed in other 
embodiments. Current sense resistors RS1 and RS2 may be 
present to allow BMU 310 to monitor charging current to the 
respective cell strings 302 and 304, and inline fuse F1 may be 
present to prevent over-charging. BMU 310 may also be 
coupled to monitor voltage of battery cell/s 350 and 352 
through AFE circuitry 306 and 308. Further information on 
BMU, battery pack system circuitry and battery charging 
operations may be found in U.S. Pat. Nos. 7,378,819, 7,391, 
184, and U.S. patent application Ser. No. 12/253,829 filed 
Oct. 17, 2008, each of which is incorporated herein by refer 
ence in its entirety. It will be understood that charge/discharge 
control circuitry of battery pack system 300 may include any 
other number and/or type of charge and discharge Switching 
elements Suitable for performing the current control tasks 
described herein. Examples of other types of suitable switch 
ing elements include, but are not limited to, bipolar junction 
transistors (BJTs). 
Due to the difference in impedance and capacity of the cell 

strings 302 and 304, the status of the individual cells 350 and 
352 in each respective cell string 302 and 304 and the distri 
bution of individual cell string charging currents (iBPK1, 
iBPK2) are usually different and not controlled in this exem 
plary embodiment. Additionally, the maximum allowable 
charging currents (IBPK1 for cell string 302 and IBPK2 for 
cell string 304) are different for each of cell strings 302 and 
304 since the electrical characteristics of these two cell strings 
are different. In this regard, maximum allowable charging 
currents IBPK1 and IBPK2 are pre-determined based on the 
design of the individual cells and the series parallel configu 
ration of the cell String. To prevent the charging current into 
either one of cell string 302 or 304 from exceeding its maxi 
mum allowable charging rate and thus compromising or 
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shortening the life of the individual cell string, the charging 
current iCHG provided through shared current path 380 into 
battery pack system 300 (e.g., during constant current charg 
ing operation for lithium ion battery cells) is limited in this 
exemplary embodiment to the smaller of the two maximum 
allowable charging current values, IBPK1 or IBPK2, of the 
respective cell strings 302 and 304. This ensures that the 
charging current into each of cell strings 302 and 304 remains 
below the maximum allowable charging current. 

In the exemplary embodiment of FIG. 3, the constant cur 
rent charging period ends when the Voltage of the cell Strings 
reaches a pre-determined minimum level, at which time a 
constant Voltage (or Voltage controlled charging period) may 
start. Although battery system 300 charges at a slower rate 
during the constant current charging period, the constant cur 
rent charging phase of cell strings 302 and 304 is combined in 
this embodiment to reduce the overall user-perceived charge 
time. Advantages of the methodology and circuit configura 
tion of this embodiment include lower cost (e.g., fewer FETs, 
fuses, etc.), simpler control, and shorter charge time. As fur 
ther illustrated in FIG. 3, separate current sensing resistors 
RS1 and RS2 may be optionally provided in the respective 
current paths of cell strings 302 and 304 to provide additional 
capability of detecting faulty currents and initiating proper 
measures if any of the cells of cell strings 302 and 304 should 
fail. 

FIG. 4 illustrates another exemplary embodiment of a 
hybrid battery pack system 400 in which the charging current 
iCHG of the battery pack system may be controlled (e.g., 
during constant current charging operation) to the greater of 
the maximum allowable charging currents (IBPK1 or IBPK2) 
of two cell strings of different charge capacity and impedance 
characteristics. As shown, battery pack system 400 includes 
two cell strings 304 and 305 that are coupled together in 
parallel between battery system terminals 320 and 322 by a 
shared current path 380 in a manner similar to that of the 
embodiment of FIG. 3. However, in this embodiment, charg 
ing currentiCHG provided through shared current path 380 is 
controlled to be the greater of IBPK1 or IBPK2 (e.g., to be 
IBPK2 when IBPK2 is greater than IBPK1, or to be IBPK1 
when IBPK1 is greater than IBPK2). 

In the embodiment of FIG.4, a series impedance element in 
the form of series FETSR is present in the branch current path 
393 to cell string 304 for purposes of controlling the cell 
string charging current iBPK1 provided to cell string 302. For 
example, if the cell string charging current iBPK1 provided at 
any given time to cell String 302 is less than or equal to 
maximum allowable charging current IBPK1 for cell string 
302, then series FETSR is controlled to be fully on and to 
present minimal series impedance. However, if the charging 
current iBPK1 provided to cell string 302 increases beyond 
IBPK1, then SR is controlled as necessary to increase imped 
ance in SR to limit the charging current at or below maximum 
allowable charging current IBPKI of cell string 302. In this 
fashion, both charging currents iBPK1 and iBPK2 into the 
respective cell strings 302 and 304 may be maximized with 
out exceeding the respective maximum allowable charging 
current IBPK1 or IBPK2 for the individual cell strings 302 
and 304. Advantageously, this approach allows faster overall 
battery system charging during the constant current (CC) 
period when IBPKI and IBPK2 are significantly different. In 
one embodiment, additional circuitry for controlling the 
series FETSR in the above-described manner may be built 
into an integrated circuit of AFE 306 without significant cost. 
As shown, comparator circuitry 402 may be coupled across 
RS1 to automatically control the FET to limit current to a 
predetermined level. Besides a series FET SR, it will be 
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8 
understood that any other alternative form of series control 
lable impedance element or other type of current control 
circuit element/s may be employed that is suitable for con 
trolling cell string charging currentiBPK1, for example, Such 
as bipolar junction transistors (BJTs) and/or insulated gate 
bipolar transistors (IGPBTs), etc. 

It will be understood that the embodiments of FIG.3 and 
FIG. 4 are exemplary only, and that any other alternative 
configuration may be employed that is Suitable for simulta 
neously charging two or more cell Strings of a hybrid battery 
system from a shared input current path to the battery system. 
In this regard, input common charging current iCHG may be 
limited to the Smallest maximum allowable charging current 
value of the multiple cell strings of the battery system in any 
fashion that is suitable for controlling input current to a bat 
tery system from a coupled battery charger/power circuit. 
Alternatively, input charging current iCHG may be provided 
as the greater of the maximum allowable charging currents of 
two or more cell strings of a hybrid battery system and then 
current Supplied through respective branch current paths to 
individual cell strings individually controlled in any suitable 
manner So as not to exceed the maximum allowable current 
for each of the individual cell strings of the hybrid battery 
system. Furthermore, it will be understood that particular 
illustrated components (e.g., Such as charge and discharge 
FETs SC and SD, protective current circuitry, fuses F1, etc.) 
are optional, and that the particular configurations thereof in 
the embodiments of FIGS. 3 and 4 are exemplary only. 
The disclosed systems and methods may be advanta 

geously implemented with a variety of rechargeable battery 
cell technologies and combinations thereof, e.g., including, 
but not limited to, Li-ion battery cells, NiMH battery cells, 
nickel cadmium (NiCd) battery cells, lithium-polymer (Li 
polymer) battery cells, etc. It will be understood that the 
functions of battery system control logic and control circuitry 
(e.g., BMU circuitry, AFE circuitry and/or protective current 
circuitry) described herein may be implemented using any 
circuit and/or control logic configuration Suitable for per 
forming the tasks thereof. For example, in one embodiment, 
one or more features of a BMU may be implemented using a 
controller (e.g., processor and associated firmware) that is 
integral to the battery pack system or using any other Suitable 
configuration of microcontroller/microprocessor, firmware 
and/or software that interfaces with battery pack system cir 
cuitry/components. Furthermore, it will be understood that 
the herein-described tasks of BMU circuitry, AFE circuitry 
and/or protective current circuitry may be performed by a 
single integrated component or by two or more separate com 
ponents. 

In one embodiment, the disclosed systems and methods 
may be implemented for charging batteries of a portable 
information handling system, Such as notebook computer. 
Besides notebook computers, other examples of Such por 
table electronic devices include, but are not limited to, por 
table telephone devices (e.g., cellular phones, cordless 
phones, etc.), personal digital assistant ("PDA) devices, 
MP3 players, cameras, medical devices, computer peripher 
als, etc. In addition to portable electronic devices, it will be 
understood that the disclosed systems and methods may be 
implemented to power any other type of electronic device or 
system load that is at least partially battery powered and that 
has electronic circuitry that is coupled to receive current from 
a battery system. In this regard, the disclosed systems and 
methods may be advantageously implemented in portable or 
non-portable (e.g., server backup battery) system applica 
tions where Smart batteries are employed. In one exemplary 
embodiment, battery pack systems 300 and 400 may be con 
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figured as a Smart battery system for a portable information 
handling system. However, it will be understood that the 
disclosed systems and methods may be also be implemented 
to control charging operations for dumb battery systems (i.e., 
battery systems configured to be controlled externally rather 
than internally). 

Examples of multiple battery cell Strings contained in a 
common battery pack system that have different capacity and 
impedance include battery cell Strings having differing num 
ber of battery cells of the same size and/or cell shape from 
other battery cell Strings of the same battery pack system, 
battery cell strings having different size and/or shape of bat 
tery cells from other battery cell strings of the same battery 
pack system, battery cell strings having differing battery cell 
chemistry from other battery cell strings of the same battery 
pack system, or any combination thereof. For example, FIG. 
5 illustrates a cut-away side view of a portable information 
handling system provided in the form of a notebook computer 
500 having a lid component 504 and a base component 502 
that are hingeably coupled together. As shown, an insertable 
hybrid battery pack system 510 is removably retained in a 
battery pack cavity of base 502 of the notebook computer 500. 
Hybrid battery system 510 includes a first battery cell string 
514 made up of flat-shaped (e.g., polymer or prismatic) bat 
tery cells contained in a portion of battery pack system 510 
that is positioned within base 502, and a second battery cell 
string 512 is made up of cylindrical-shaped battery cells 
contained in a portion of battery pack system 510 that extends 
outside base 502 as shown. Due to difference in geometry and 
size, first and second battery cell string strings 512 and 514 
have different capacities and impedance, and are one example 
of a configuration of multiple battery cell strings that may be 
charged together using the circuitry and methodology of the 
disclosed systems and methods. 

For purposes of this disclosure, an information handling 
system may include any instrumentality or aggregate of 
instrumentalities operable to compute, classify, process, 
transmit, receive, retrieve, originate, Switch, store, display, 
manifest, detect, record, reproduce, handle, or utilize any 
form of information, intelligence, or data for business, scien 
tific, control, entertainment, or other purposes. For example, 
an information handling system may be a personal computer, 
a PDA, a consumer electronic device, a network Storage 
device, or any other Suitable device and may vary in size, 
shape, performance, functionality, and price. The information 
handling system may include memory, one or more process 
ing resources such as a central processing unit (CPU) or 
hardware or software control logic. Additional components of 
the information handling system may include one or more 
storage devices, one or more communications ports for com 
municating with external devices as well as various input and 
output (I/O) devices, such as a keyboard, amouse, and a video 
display. The information handling system may also include 
one or more buses operable to transmit communications 
between the various hardware components. 

While the invention may be adaptable to various modifi 
cations and alternative forms, specific embodiments have 
been shown by way of example and described herein. How 
ever, it should be understood that the invention is not intended 
to be limited to the particular forms disclosed. Rather, the 
invention is to cover all modifications, equivalents, and alter 
natives falling within the spirit and scope of the invention as 
defined by the appended claims. Moreover, the different 
aspects of the disclosed systems and methods may be utilized 
in various combinations and/or independently. Thus the 
invention is not limited to only those combinations shown 
herein, but rather may include other combinations. 
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10 
What is claimed is: 
1. A method of charging a hybrid battery system, compris 

ing: 
providing a hybrid battery system comprising at least two 

battery system terminals and two or more battery cell 
strings having respective separate and different current 
paths coupled together in parallel between the battery 
system terminals with a shared input current path to each 
of the respective separate and different current paths, the 
battery cell Strings having at least one of different capac 
ity or different impedance characteristics relative to each 
other and different values of maximum allowable charg 
ing current relative to each other; and 

applying a charging current to the battery system terminals 
to simultaneously charge the two or more battery cell 
strings with respective individual battery cell String cur 
rents through each of the respective separate and differ 
ent current paths that do not exceed the maximum allow 
able charging current for either of the two or more 
battery cell Strings, the charging current being applied 
through the shared current path to the respective separate 
and different current path of each of the given battery 
cell Strings to charge the given battery cell String without 
individually controlling the individual battery cell string 
currents in the respective separate and different current 
paths. 

2. The method of claim 1, further comprising applying the 
charging current to the battery system terminals to simulta 
neously charge the two or more battery cell strings with 
respective individual battery cell String currents through each 
of the respective separate and different current paths that are 
equal to each other and that are equal to the received charging 
current, the received charging current being less than or equal 
to the Smaller of the maximum allowable charging current 
values of the respective battery cell strings such that the 
current applied to each given battery cell String through its 
corresponding respective separate and different current path 
remains less than or equal to the maximum allowable charg 
ing current of the given battery cell String without individu 
ally controlling the battery cell String current in its corre 
sponding respective separate and different current path. 

3. A method of charging a hybrid battery system, compris 
1ng: 

providing a hybrid battery system comprising at least two 
battery system terminals and two or more battery cell 
strings having respective separate and different current 
paths coupled together in parallel between the battery 
system terminals with a shared input current path to each 
of the respective separate and different current paths, the 
battery cell Strings having at least one of different capac 
ity or different impedance characteristics relative to each 
other and different values of maximum allowable charg 
ing current relative to each other; and 

applying a charging current to the battery system terminals 
to simultaneously charge the two or more battery cell 
strings with respective individual battery cell String cur 
rents through each of the respective separate and differ 
ent current paths that do not exceed the maximum allow 
able charging current for either of the two or more 
battery cell Strings, the charging current being applied 
through the shared current path to the respective separate 
and different current path of each of the given battery 
cell Strings to charge the given battery cell string while 
individually controlling the individual battery cell string 
current in at least one of the respective separate and 
different current paths: 
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wherein the maximum allowable charging current value of 
a first one of the two or more battery cell strings is greater 
than the maximum allowable charging current value of a 
second one of the two or more battery cell strings; 
wherein the applied charging current in the shared cur 
rent path is greater than the maximum allowable charg 
ing current value of the second one of the two or more 
battery cell strings; and wherein the method further 
comprises controlling a second battery cell String charg 
ing current Supplied to the second battery cell String 
through the separate and different current path of the 
second battery cell string so that the second battery cell 
string charging current does not exceed the maximum 
allowable charging current value of the second battery 
cell String while at the same time Supplying a first battery 
cell String charging current to the first battery cell String 
through the separate and different current path of the first 
battery cell string that is greater than the second battery 
cell String charging current and the maximum allowable 
charging current value of the second battery cell string; 

where the first battery cell String charging current and the 
second battery cell String charging current are simulta 
neously provided to respective battery cells of the first 
battery cell String and the second battery cell String at the 
same time such that the respective battery cells of the 
two or more battery cell strings are simultaneously 
charged when the applied charging current in the shared 
current path is greater than the maximum allowable 
charging current value of the second one of the two or 
more battery cell strings. 

4. The method of claim 3, wherein the applied charging 
current through the shared current path is Substantially equal 
to the maximum allowable charging current value of the first 
one of the two or more battery cell strings; and wherein the 
method further comprises controlling the second battery cell 
string charging current Supplied to the second battery cell 
string through the separate and different current path of the 
second battery cell String so that it does not exceed the maxi 
mum allowable charging current value of the second battery 
cell string at the same time as Supplying a first battery cell 
string charging current to the first battery cell String through 
the separate and different current path of the first battery cell 
string that is equal to the maximum allowable charging cur 
rent value of the first battery cell string. 

5. The method of claim 1, further comprising providing 
Switching circuitry only in the shared input current path 
between one of the battery system terminals and each of the 
two or more battery cell Strings, and not in the separate and 
different current paths of the individual battery cell strings. 

6. The method of claim 5, further comprising providing 
protective fuse circuitry only in the shared input current path 
between one of the battery system terminals and each of the 
two or more battery cell Strings, and not in the separate and 
different current paths of the individual battery cell strings. 

7. The method of claim 1, wherein said two or more battery 
cell Strings comprise a part of a replaceable battery pack 
system of an information handling system; and wherein the 
method further comprises removably coupling the battery 
system terminals to system side electrical power terminals of 
the information handling system to allow current to be inter 
changed between the two or more battery cell strings and 
other system components of the information handling sys 
tem, and applying the charging current to the battery system 
terminals from the system side electrical power terminals of 
the information handling system. 
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8. An information handling system, comprising: 
a replaceable hybrid battery pack system, the hybrid bat 

tery pack system including: 
at least two battery system terminals, 
two or more battery cell Strings having respective sepa 

rate current paths coupled together in parallel 
between the battery system terminals with a shared 
input current path configured to receive a charging 
current applied to the hybrid battery system and to 
provide the charging current to each of the respective 
separate and different current paths, the battery cell 
strings having at least one of different capacity or 
different impedance characteristics relative to each 
other and different values of maximum allowable 
charging current relative to each other, 

wherein the respective separate current paths of the two 
or more battery cell Strings are coupled together in 
parallel between the battery system terminals by the 
shared input current path to allow the two or more 
battery cell strings to be charged simultaneously from 
a received charging current at respective individual 
battery cell string currents through each of the respec 
tive separate current paths that do not exceed the 
maximum allowable charging current for either of the 
two or more battery cell Strings, 

where no Switching circuitry is provided in the separate 
current path of any of the two or more battery cell 
Strings: 

system side electrical power terminals removably coupled 
to the battery system terminals to allow current to be 
interchanged between the two or more battery cell 
strings and other system components of the information 
handling system; 

a system load coupled to the system side electrical power 
terminals to receive current from the two or more battery 
cell Strings of the battery system; and 

battery charger circuitry coupled to the system side elec 
trical power terminals to provide the charging current to 
the two or more battery cell strings of the battery system. 

9. The information handling system of claim 8, wherein the 
battery charger circuitry is configured to provide a charging 
current to the two or more battery cell strings of the hybrid 
battery pack system that is less than or equal to the Smaller of 
the maximum allowable charging current values of the 
respective battery cell strings such that the individual battery 
cell string current applied to each given battery cell String 
through its corresponding respective separate and different 
current path remains less than or equal to the maximum 
allowable charging current of the given battery cell String 
without individual control of the battery cell string current in 
its corresponding respective separate and different current 
path. 

10. An information handling system, comprising: 
a replaceable hybrid battery pack system, the hybrid bat 

tery pack system including: 
at least two battery system terminals, 
two or more battery cell Strings having respective sepa 

rate current paths coupled together in parallel 
between the battery system terminals with a shared 
input current path configured to receive a charging 
current applied to the hybrid battery system and to 
provide the charging current to each of the respective 
separate and different current paths, the battery cell 
strings having at least one of different capacity or 
different impedance characteristics relative to each 
other and different values of maximum allowable 
charging current relative to each other, 
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wherein the respective separate current paths of the two 
or more battery cell Strings are coupled together in 
parallel between the battery system terminals by the 
shared input current path to allow the two or more 
battery cell strings to be charged simultaneously from 
a received charging current at respective individual 
battery cell string currents through each of the respec 
tive separate current paths that do not exceed the 
maximum allowable charging current for either of the 
two or more battery cell Strings, 

system side electrical power terminals removably coupled 
to the battery system terminals to allow current to be 
interchanged between the two or more battery cell 
strings and other system components of the information 
handling system; 

a system load coupled to the system side electrical power 
terminals to receive current from the two or more battery 
cell Strings of the battery system; and 

battery charger circuitry coupled to the system side elec 
trical power terminals to provide the charging current to 
the two or more battery cell strings of the battery system; 

wherein the maximum allowable charging current value of 
the first one of the two or more battery cell strings is 
greater than the maximum allowable charging current 
value of a second one of the two or more battery cell 
strings; wherein the battery charger circuitry is config 
ured to provide a charging current through the shared 
current path to the two or more battery cell strings of the 
hybrid battery pack system that is greater than the maxi 
mum allowable charging current value of the second one 
of the two or more battery cell strings; and wherein the 
hybrid battery pack system further comprises a current 
control circuit element in the separate and different cur 
rent path of the secondone of the two or more battery cell 
strings, the current control circuit element being config 
ured to control a second battery cell string charging 
current Supplied in the separate and different current 
path of the second battery cell string so that the second 
battery cell String charging current does not exceed the 
maximum allowable charging current value of the sec 
ond battery cell string at the same time that a first battery 
cell String charging current Supplied in the separate and 
different current path of the first battery cell string is 
greater than the second battery cell String charging cur 
rent and the maximum allowable charging current value 
of the second battery cell string: 

where the current control circuit element is not configured 
to control the first battery cell string charging current 
supplied in the separate and different current path of the 
first battery cell string; and 

where the hybrid battery pack system is further configured 
to simultaneously provide the first battery cell string 
charging current and the second battery cell string charg 
ing current to respective battery cells of the first battery 
cell String and the second battery cell String at the same 
time such that the respective battery cells of the two or 
more battery cell Strings are simultaneously charged 
when the applied charging current in the shared current 
path is greater than the maximum allowable charging 
current value of the second one of the two or more 
battery cell Strings. 

11. The information handling system of claim 10, wherein 
the battery charger circuitry is configured to provide a charg 
ing current through the shared current path to the two or more 
battery cell strings of the hybrid battery pack system that is 
Substantially equal to the maximum allowable charging cur 
rent value of the first one of the two or more battery cell 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
strings; and wherein the current control circuit element is 
configured to control the second battery cell string charging 
current Supplied to the second battery cell string through the 
separate current path of the second battery cell String so that 
it does not exceed the maximum allowable charging current 
value of the second battery cell string at the same time that the 
first battery cell String charging current Supplied to the first 
battery cell string through the separate and different current 
path of the first battery cell String is equal to the maximum 
allowable charging current value of the first battery cell 
String. 

12. The information handling system of claim 8, wherein 
the hybrid battery pack system further comprises Switching 
circuitry provided only in the shared input current path 
between one of the hybrid battery pack system terminals and 
each of the two or more battery cell Strings, and not in the 
separate current paths of the individual battery cell Strings. 

13. The information handling system of claim 12, wherein 
the hybrid battery pack system further comprises protective 
fuse circuitry only in the shared input current path between 
one of the hybrid battery pack system terminals and each of 
the two or more battery cell Strings, and not in the separate 
current paths of the individual battery cell strings. 

14. A hybrid battery system, comprising: 
at least two battery system terminals; 
two or more battery cell strings having respective separate 

current paths coupled together in parallel between the 
battery system terminals with a shared input current path 
configured to receive a charging current applied to the 
hybrid battery system and to provide the charging cur 
rent to each of the respective separate and different cur 
rent paths, the battery cell Strings having at least one of 
different capacity or different impedance characteristics 
relative to each other and different values of maximum 
allowable charging current relative to each other; 

wherein the respective separate current paths of the two or 
more battery cell Strings are coupled together in parallel 
between the battery system terminals by the shared input 
current path to allow the two or more battery cell strings 
to be charged simultaneously from a received charging 
current at respective individual battery cell String cur 
rents through each of the respective separate current 
paths that do not exceed the maximum allowable charg 
ing current for either of the two or more battery cell 
Strings; and 

where no Switching circuitry is provided in the separate 
current path of any of the two or more battery cell 
Strings. 

15. The system of claim 14, wherein the two or more 
battery cell Strings are coupled together in parallel between 
the battery system terminals by the shared input current path 
to allow the two or more battery cell strings to be charged 
simultaneously from a received charging current at respective 
individual battery cell String currents that are equal to each 
other and to the received charging current, the received charg 
ing current being less than or equal to the Smaller of the 
maximum allowable charging current values of the respective 
battery cell strings such that the individual battery cell string 
current applied to each given battery cell String through its 
corresponding respective separate and different current path 
remains less than or equal to the maximum allowable charg 
ing current of the given battery cell string without individual 
control of the battery cell String current in its corresponding 
respective separate and different current path. 
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16. A hybrid battery system, comprising: 
at least two battery system terminals; 
two or more battery cell strings having respective separate 

current paths coupled together in parallel between the 
battery system terminals with a shared input current path 5 
configured to receive a charging current applied to the 
hybrid battery system and to provide the charging cur 
rent to each of the respective separate and different cur 
rent paths, the battery cell Strings having at least one of 
different capacity or different impedance characteristics 
relative to each other and different values of maximum 
allowable charging current relative to each other; 

wherein the respective separate current paths of the two or 
more battery cell Strings are coupled together in parallel 
between the battery system terminals by the shared input 
current path to allow the two or more battery cell strings 
to be charged simultaneously from a received charging 
current at respective individual battery cell String cur 
rents through each of the respective separate current 
paths that do not exceed the maximum allowable charg 
ing current for either of the two or more battery cell 
Strings; and 

a current control circuit element in the separate and differ 
ent current path of a first one of the two or more battery 
cell Strings; wherein the maximum allowable charging 
current value of the first one of the two or more battery 
cell Strings is greater than the maximum allowable 
charging current value of a second one of the two or 
more battery cell Strings; wherein the received charging 
current is greater than the maximum allowable charging 
current value of the second one of the two or more 
battery cell strings; and wherein the current control cir 
cuit element is configured to control a second battery 
cell String charging current Supplied in the separate and 
different current path of the second battery cell string so 
that it does not exceed the maximum allowable charging 
current value of the second battery cell String at the same 
time that a first battery cell String charging current Sup 
plied in the separate and different current path of to the 
first battery cell string is greater than the second battery 
cell String charging current and the maximum allowable 
charging current value of the second battery cell string; 

where the current control circuit element is not configured 
to control the first battery cell string charging current 
supplied in the separate and different current path of the 
first battery cell string; and 
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where the current control circuit element is not configured 

to control the first battery cell string charging current 
supplied in the separate and different current path of the 
first battery cell string; and 

where the hybrid battery system is further configured to 
simultaneously provide the first battery cell String charg 
ing current and the second battery cell String charging 
current to respective battery cells of the first battery cell 
string and the second battery cell string at the same time 
such that the respective battery cells of the two or more 
battery cell strings are simultaneously charged when the 
applied charging current in the shared current path is 
greater than the maximum allowable charging current 
value of the second one of the two or more battery cell 
Strings. 

17. The system of claim 16, wherein the received charging 
current is Substantially equal to the maximum allowable 
charging current value of the first one of the two or more 
battery cell strings; and wherein the current control circuit 
element is configured to control the second battery cell String 
charging current Supplied to the second battery cell String 
through the separate current path of the second battery cell 
string so that it does not exceed the maximum allowable 
charging current value of the second battery cell String at the 
same time that the first battery cell string charging current 
Supplied to the first battery cell String through the separate and 
different current path of the first battery cell string is equal to 
the maximum allowable charging current value of the first 
battery cell String. 

18. The system of claim 14, further comprising switching 
circuitry provided only in the shared input current path 
between one of the battery system terminals and each of the 
two or more battery cell strings, and not in the separate current 
paths of the individual battery cell strings. 

19. The system of claim 18, further comprising protective 
fuse circuitry provided only in the shared input current path 
between one of the battery system terminals and each of the 
two or more battery cell strings, and not in the separate current 
paths of the individual battery cell strings. 

20. The system of claim 14, wherein the two or more 
battery cell Strings comprise a part of a replaceable battery 
pack system of an information handling system; and wherein 
the battery system terminals are configured to be removably 
coupled to system side electrical power terminals of the infor 
mation handling system to allow current to be interchanged 
between the two or more battery cell strings and other system 
components of the information handling system. 
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